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Abstract Key words
Introduction. Out-of-hospital cardiac arrest (OHCA) is a major cause of mortality, and | ¢ out-of-hospital cardiac
early bystander cardiopulmonary resuscitation (CPR) is critical for survival. This study arrest

assessed OHCA incidence and factors associated with bystander-initiated CPR in the | ® emergency medical
Piedmont region of Northern Italy. services

Methods. A retrospective cross-sectional analysis was conducted using 2022 administra- | ® cardiopulmonary

tive data from an Emergency Medical Dispatch Centre serving 851,538 residents. All resuscitation
confirmed OHCA cases were included. Demographic, clinical, and contextual variables e prehospital care

were extracted. Descriptive statistics summarized case characteristics, and comparisons e retrospective studies
between events with and without bystander CPR were performed using chi-square or | ® CPRin Italian OHCA
Fisher’s exact tests.

Results. Among 905 confirmed cases, the incidence was 106 per 100,000 inhabitants.

Most patients were male (57%), with a mean age of 76 years, and arrests occurred pre-

dominantly at home (87%). Bystander CPR was documented in 644 cases, occurring

in 39.9%, mainly independently. CPR was more frequent in rural areas (p=0.002) and

public settings (p<0.001). Return of spontaneous circulation occurred in 6.4% and was

strongly associated with bystander intervention (p<0.001).

Conclusions. Fewer than half of eligible patients received bystander CPR, highlight-

ing gaps in community readiness. Strengthening public training and dispatcher-assisted

CPR may improve outcomes.

INTRODUCTION Its global incidence ranges from 30 to 170 cases per

Out-of-hospital cardiac arrest (OHCA) is a major 100,000 inhabitants annually [3-5], with marked varia-
global health challenge and represents the third lead-  tion across countries and regions, largely attributable
ing cause of death in industrialized countries [1, 2].  to differences in data collection, population characteris-
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tics, and emergency care systems. This heterogeneity is
particularly evident in Italy, where the absence of a na-
tional cardiac arrest registry has resulted in fragmented
epidemiological information [6]. Despite advances in
resuscitation and post-arrest care, survival remains low,
with an overall rate of approximately 8% and favourable
neurological outcomes in fewer than 3% of patients at
hospital discharge [7].

It is estimated that about half of OHCAs are wit-
nessed by bystanders [8]. When promptly initiated,
cardiopulmonary resuscitation (CPR) and the use of
semi-automatic external defibrillators (AEDs) by lay
responders represent the most critical link in the chain
of survival [9]. Bystander CPR significantly improves
outcomes, with immediate initiation after collapse,
even before AED deployment, associated with a two- to
threefold increase in survival probability [10, 11].

Several community-based projects worldwide have
aimed to improve awareness among both adults and
children about recognising OHCA and promptly initi-
ating resuscitation [12-14]. Nevertheless, despite these
initiatives, the proportion of people in Europe who pro-
vide resuscitation while awaiting professional assistance
varies widely, ranging from 17% to 78% [15].

Multiple factors influencing the likelihood of by-
standers initiating resuscitative manoeuvres have been
identified in the literature [16]. These include sociode-
mographic variables (age, gender, and level of educa-
tion), contextual circumstances (location of the arrest,
presence of other witnesses, relationship to the victim),
psychological aspects (confidence, fear of harming the
victim, or fear of legal consequences), and practical
factors (prior CPR training, availability of AEDs, and
dispatcher-assisted CPR) [17-21]. Importantly, many of
these determinants are modifiable. For example, public
training campaigns, integration of CPR teaching into
school curricula, and dispatcher-assisted instructions
have been shown to improve laypeople’s willingness
and ability to intervene, whereas broader availability
and accessibility of AEDs address infrastructural barri-
ers [2]. Conversely, factors such as advanced age of the
bystander or a familial relationship to the victim, which
may be associated with higher emotional distress, are
more difficult to modify [17]. Despite this knowledge,
existing evidence remains incomplete and strongly
shaped by contextual factors such as healthcare organi-
zation, cultural attitudes, and local infrastructure [22].
Such variability suggests that a deeper understanding
of context-specific dynamics could provide valuable in-
sights for improving bystander intervention.

In Italy, the pre-hospital emergency service is public-
ly funded and organized on a regional basis within the
framework of the National Health Service. To improve
efficiency and resource management, since 2021, in the
Piedmont region, the system has been coordinated by
Azienda Zero. Emergency calls are managed by four
medical dispatch centres, which assess case severity, co-
ordinate the most appropriate response, and, in the event
of OHCA, provide CPR instructions to laypeople [23].

To the best of our knowledge, no recent studies have
investigated the occurrence of OHCA and the rate of
bystanders-initiated CPR in the Piedmont region [6].

In the absence of a national registry, recommended by
international guidelines [24], collecting local data is es-
sential to gain insights into this event, thereby inform-
ing emergency service organization and guiding tar-
geted public awareness initiatives [6]. Accordingly, this
study aimed to: i) estimate the incidence and outcomes
of OHCA cases managed by an Emergency Medical
Dispatch Centre in Piedmont; ii) determine the propor-
tion of events in which bystanders initiated CPR prior
to Emergency Medical Services (EMS) arrival; and iii)
compare the characteristics and outcomes of cases with
and without bystander-initiated CPR.

METHODS
Study design

We conducted a retrospective cross-sectional study
based on administrative data from an Emergency Medi-
cal Dispatch Centre in the Piedmont region. Reporting
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines
[25].

Setting

We collected data between January 1 and Decem-
ber 31, 2022, from an Emergency Medical Dispatch
Centre in Piedmont, serving a catchment population
of 851,538 residents across five provinces [12]. The
centre manages an average of 250-300 emergency calls
per day. Prehospital coverage is provided by approxi-
mately 60 basic life support (BLS) ambulances, staffed
by emergency medical technicians with regional res-
cue qualifications, and 18 advanced life support (ALS)
ambulances, staffed by physicians and/or critical care
nurses. Additional support is ensured by a helicopter
emergency medical service, staffed by an anesthesiol-
ogist-intensivist, a critical care nurse, and a technician
from the Alpine and Speleological Rescue Service.

Data sources and measurement

We identified all suspected cases of OHCA managed
by the Piedmont Emergency Medical Dispatch Cen-
tre, regardless of patient age, through the telephone
dispatch code. Each case was included if subsequently
confirmed as OHCA by the on-scene crew assessment.
Inter-hospital transfers and cancelled dispatches (e.g.,
involvement of the continuing care service or caller
withdrawal) were excluded.

From each medical record, we extracted the follow-
ing variables: i) demographics: patient age and sex; ii)
event characteristics: EMS response time of the first
emergency unit, type of vehicle dispatched (BLS or
ALS ambulance), location of the event (home, public
place, workplace, street, sport facility, other), province,
and urbanisation level (rural or urban); iii) clinical infor-
mation: presumed cause of cardiac arrest (e.g., cardio-
vascular, respiratory, metabolic, traumatic, neurologi-
cal, drug overdose, gastrointestinal, other, or unknown),
as recorded by the responding unit; iv) bystander re-
sponse: whether CPR was initiated (yes/no), and if so,
whether it was started independently or dispatcher-
assisted; v) outcomes: death or return of spontaneous
circulation (ROSC) in the out-of-hospital setting.
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The study was approved by the local Ethics Commit-
tee (CE187/2024). Data were extracted by authorized
clinical personnel, anonymized with progressive numer-
ical codes, and stored in an encrypted database devel-
oped using Microsoft Excel.

Statistical analysis

Categorical variables were summarized as absolute
counts and percentages, while continuous variables
were reported as means with standard deviations or me-
dians with interquartile ranges, as appropriate. Group
comparisons for categorical variables were performed
using the chi-square test; when expected cell counts
were <10, Fisher’s exact test was applied. A p-value
<0.05 was considered statistically significant. Statistical
analyses were performed using Stata version 19 (Stata-
Corp, College Station, TX, USA).

RESULTS

A total of 1,646 suspected OHCA cases were iden-
tified. Of these, 721 were excluded because on-scene
crews did not confirm cardiac arrest, 18 due to can-
celled dispatches, and 2 because they involved urgent
inter-hospital transfers for time-dependent conditions.
In total, 905 cases of cardiac arrest were confirmed dur-
ing the study period (Table 1).

In 2022, the annual incidence of OHCA was 106 per
100,000 inhabitants (95% CI: 99-113). Most patients
were male (57%), with a mean age of 76.4 years (+16).
On average, men were younger than women (73.4
vs 80.5 years). The likely cause was mainly related to
cardiovascular issues. Most events occurred at home
(87%) and were managed by an ALS ambulance staffed
with both a physician and a critical care nurse (80.3%),
with a median response time of 8 minutes (IQR 5-13).
In particular, the EMS response time was <5 minutes
in 31.7% of cases (n=287) and <10 minutes in 64.3%.

In 28.8% of cases, medical records did not specify
whether bystander CPR was performed. Among the 644
cases with available data, bystander CPR was reported in
39.9% (n=257), mostly initiated independently (90.7%).

ROSC in the out-of-hospital setting was achieved in
6.4% of patients. For this group of patients, the median
EMS response time was 7 minutes (IQR 4-10).

Comparisons between cases with and without by-
stander-initiated CPR are reported in Table 2. Bystander
CPR was significantly less frequent in OHCAs occur-
ring at home compared with other locations (p<0.001).
Similarly, the likelihood of bystander intervention was
lower in urban areas (p=0.002), where median EMS ar-
rival time was 6 minutes compared with 11 minutes in
rural settings (p<0.001).

Overall, bystander CPR was associated with a higher
probability of achieving ROSC in the out-of-hospital
setting (p<0.001). Specifically, ROSC was more fre-
quent in the home setting compared with other loca-
tions (p<0.001), while no significant difference was ob-
served between rural and urban areas (p=0.415).

DISCUSSION
The findings of this study, based on data from an
Emergency Medical Dispatch Centre in Piedmont

Table 1
Demographic and clinical characteristics of the 905 confirmed
OHCA cases

N=905 %

Sex, male* 518 57.24
Age, in years*

<65 168 18.58

65-74 160 17.70

75-84 239 2644

>85 337 37.28
Presumed cause

Cardiovascular 875 96.69

Neurological 19 2.10

Respiratory 4 044

Other 4 044

Trauma 2 022

Unknown causes 1 0.11
Province*

n.1 359 39.71

n.2 187 20.69

n.3 180 19.91

n.4 172 19.03

Other 6 0.66
Level of urbanization*

Rural 453 50.11

Urban 451 49.89
Location of the event

Home 788 87.07

Street 45 497

Public place 12 133

Workplace 3 033

Sport facility 3 033

Other 54 597
Type of vehicle dispatched*

ALS with physician and nurse 726 80.31

BLS 152 16.81

Helicopter 18 1.99

ALS with nurse 8 0.88
Arrival time

Median time (Q1-Q3), in minutes 8 (5-13)
Bystander CPR

No 387 42.76

Yes 257 28.39

Not reported 261 28.83
CPR initiation by bystanders

Independently 233 90.7

Dispatcher-assisted 24 9.3
Outcome*

Death 843 93.56

ROSC in the out-of-hospital setting 58 6.44

*Missing data: sex (n=2), age (n=1), province (n=1), level of urbanization
(n=1), type of vehicle dispatched (n=1), outcome (n=4); OHCA: out-of-
hospital cardiac arrest; ALS: advanced life support; BLS: basic life support;
CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation;
Q1-Q3: first-third quartile.

during 2022, offer new insights into the epidemiology
of OHCA in this region. More than 40% of cases oc-
curred in patients younger than 75 years, confirming
that OHCA also affects a considerable proportion of
relatively younger individuals. Bystander CPR was re-
ported in 39.9% of cases with available data. CPR was
most frequently initiated independently, and its occur-
rence was strongly associated with a higher probabil-
ity of achieving ROSC in the out-of-hospital setting.
Moreover, both home location and urban setting were
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Table 2
Comparison of OHCA cases with and without bystander-initiated cardiopulmonary resuscitation

Bystander CPRinitiated = Bystander CPR not initiated P-value
N=257 N=387
Sex, male* 154 (59.92) 219 (56.59) 0444
Age, in years*
<65 55 (21.40) 72 (18.65)
65-74 59 (22.96) 72 (18.65) 0.255
75-84 70 (27.24) 107 (27.73)
>85 73 (28.40) 135 (34.88)
Presumed cause
Cardiovascular 246 (95.72) 376 (97.16) 0.325
Other cause 11 (4.28) 11(2.84)
Province**
n. 1 114 (44.53) 141(36.81)
n.2 49 (19.14) 83 (21.67) 0.280
n.3 47 (18.36) 82(21.41)
n.4 46 (17.97) 77 (20.11)
Level of urbanization*
Rural 149 (57.98) 176 (45.60) 0.002
Urban 108 (42.02) 210 (54.40)
Location of the event
Home 183 (71.21) 358(92.51)
Street 24(9.34) 14 (3.62)
Public setting (public place, workplace, sport facility) 16 (6.23) 1(0.25) <0.001
Other
34 (13.22) 14 (3.62)
Outcome
Death 211 (83.07) 376 (97.41) <0.001
ROSC in the out-of-hospital setting 43 (16.93) 10 (2.59)

*Missing data: sex (n=2), age (n=1), level of urbanization (n=1); **for the province variable, four cases classified as “Other" were excluded; therefore, the denominator

in the "Bystander CPR not initiated” group was 383.

OHCA: out-of-hospital cardiac arrest; CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation.

Bold values indicate statistically significant p-values (p<0.05).

linked to a lower likelihood of bystander intervention.

We identified an annual incidence of 106 OHCA
per 100,000 inhabitants. This figure is consistent with
European data, which report a mean incidence of 82.3
per 100,000 (95% CI: 31-243) [15] and aligns with the
pooled estimate of a recent systematic review of 42 Ital-
ian studies, which found an incidence of approximately
86 per 100,000 (95% CI: 10-190) [6]. Although within
the expected range, our estimate is slightly higher than
both the Italian and European averages. Several factors
may account for this difference, including the older age
structure of the Piedmont population compared with
the national average [26, 27] differences in EMS or-
ganization and case ascertainment [28] and potential
regional variations in cardiovascular risk profiles, co-
morbidity burden, and lifestyle factors [29].

Notably, bystander CPR was initiated in almost 40%
of cases. Although this estimate may be underestimat-
ed due to missing documentation in over one third of
the medical records, the observed proportion falls be-
low the European average (61%) [15], while exceeding
pooled national estimates (26%) [6]. Importantly, with
the observed higher likelihood of ROSC, our findings
confirm the crucial role of bystander-initiated CPR in
improving clinical outcomes [30], while carrying mini-
mal risk of injury for patients [31]. To further increase
CPR initiation, some system-level strategies have been
proposed. For example, smartphone applications that
alert trained volunteer responders in the vicinity of a

cardiac arrest can reduce response times and improve
the quality of resuscitation [14, 32]. This approach may
be particularly valuable in settings where EMS arrival is
delayed or where the presence of potential bystanders
is limited, such as private homes or sparsely populated
regions. In such contexts, the systematic involvement
of first responders such as police officers or firefighters
may prove especially effective, as they are often able to
reach patients before medical teams, thereby contribut-
ing to higher survival rates [33, 34].

Most bystanders initiated CPR independently, with-
out guidance from the Emergency Centre. This pattern
may reflect the positive impact of regional public train-
ing initiatives and community awareness campaigns,
which likely increased laypersons’ confidence in re-
sponding to cardiac arrest. At the same time, it high-
lights a potential underutilization of dispatcher-assisted
CPR, a key system-level intervention known to increase
CPR rates and improve patient outcomes, particularly
when bystanders are untrained or hesitant [35]. In Italy,
the provision of standardized pre-arrival instructions by
emergency dispatchers, covering basic CPR and the use
of AEDs while awaiting emergency vehicles, is man-
dated by national legislation [36]. Nonetheless, notable
regional differences persist in the adoption of protocols,
availability of technological resources, and continuing
education programs for dispatchers [37]. Optimizing
dispatcher-assisted CPR depends not only on the tech-
nical content of the instructions but also on how they
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are delivered. Innovations such as video support dur-
ing emergency calls, simplified and standardized lan-
guage, and the use of metronome cues or motivational
prompts can enhance clarity, sustain compression qual-
ity, and increase bystander confidence [38]. Equally im-
portant are dispatcher-related factors, including dedi-
cated training and the adoption of structured protocols
or centralized systems, which together may strengthen
the consistency and effectiveness of guidance provided
to callers [38].

In our cohort, ROSC was achieved in only 6% of
cases, a lower proportion compared with international
studies [15, 30]. However, it is important to note that
our analysis considered only ROSC documented in the
pre-hospital context. It is therefore plausible that addi-
tional cases of ROSC occurred after hospital admission,
which would not have been captured in our data.

Interestingly, we observed a higher frequency of by-
stander CPR initiation in rural areas compared with ur-
ban settings, a trend consistent with previous reports
[39, 40]. This phenomenon may be partly explained
by longer EMS response times in less populated areas,
which provide bystanders with greater opportunity to
intervene, as well as by psychological factors such as a
reduced bystander effect and lower “urban overload” in
low-density settings [39].

Similarly, we found that witness intervention was
more frequent in public spaces such as streets or other
non-residential locations, whereas bystander CPR rates
were significantly lower in private homes. This finding
is consistent with Ting et al. [41], who also reported a
lower incidence of bystander intervention in residen-
tial settings. Such differences may reflect the greater
availability of potential witnesses in public areas, while
arrests occurring at home are disadvantaged by fewer
bystanders and limited access to life-saving devices. The
findings highlight the need to strengthen community
preparedness and system-level strategies to increase by-
stander CPR rates. From a clinical and educational per-
spective, integrating BLS training into school curricula,
workplaces, and community programs could improve
public responsiveness and confidence in emergency
situations. Organizationally, enhancing dispatcher-as-
sisted CPR through structured protocols, continuous
dispatcher education, and the use of real-time digi-
tal tools may further optimize eatly intervention. For
policymakers, the results support the establishment of
standardized regional or national cardiac arrest regis-
tries and the implementation of coordinated awareness
campaigns to promote a “culture of rescue”, ultimately
improving survival outcomes after OHCA.

Although the composition of EMS crews was not
captured in our dataset, emerging evidence suggests
that prehospital models incorporating advanced nurs-
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